Abstract-Health and mobility of elderly people is gaining importance in aging societies. New communication-based methods to provide health services with personal health care devices are considered promising elements of first-class medical care services for everybody. To achieve this vision, several technological issues have to be solved: (i) body sensors to monitor vital functions have to be developed; (ii) these sensors should be integrated into textile structures to guarantee ease of use and patient acceptance; (iii) the collected sensor data has to be analyzed to detect emergency situations and to reduce the data volume; (iv) relevant data has to be integrated with other information systems in the work environment of medical experts. These challenges are addressed within the HealthNet project at RWTH Aachen University. The goal of the project is to develop a framework in which health professionals can remotely monitor and diagnose mobile patients. The described demonstration presents our results of the first three issues mentioned above while focussing on the employed data mining and management techniques.
I. INTRODUCTION
Based on several application scenarios for the information exchange between patients, nursing staff and doctors, we derived requirements for a network of mobile devices which are able to exchange health related data. Vital functions of a patient are monitored by a set of wireless sensors. These sensors produce data streams which are analyzed, consolidated and aggregated in a device which acts as a peer in a network of devices used by patients, nursing staff and doctors. Using a novel infrastructure for mobile communication (currently being developed in the UMIC research cluster [1]) these devices provide a ubiquitous work environment in which health professionals have full access to information related to patients. Based on the HealthNet vision, a framework for the ad hoc integration of sensor data is being developed, which is crucial since the set of used sensors can vary widely. A first set of small and wearable sensor nodes which measure certain vital functions [3] and body movements make a mobile 24/7 monitoring feasible. Also, a prototypical shirt that integrates sensors into the fabric has been developed and constitutes the starting point of our demonstration.
Data mining techniques for sensor data streams are designed to detect abnormal situations or even to predict critical situations based on the data produced by the sensors. Based on the mining results data streams are aggregated, hold ready or translated into events which are further broadcasted in the HealthNet system. The goal is the integration of this data into electronic patient health record (EHR) systems which are already in use in most clinical environments, yielding a peer-to-peer (P2P) architecture for easy integration of data collected by mobile devices and sensors. This shall enable a comprehensive view on the information available about patients and ease diagnosis and treatment of acute medical conditions.
II. SYSTEM ARCHITECTURE AND DEMO OBJECTIVES.
The sensor network is based on a MSP430 microcontroller (Texas Instruments, USA) which serves as a master controller for the deployed sensors. In the demo version two types of sensors are integrated: an ECG sensor and an accelerometer. The ECG sensor is used to monitor the electrical activity of the heart. The measuring electronics are connected via textile cables to the textile electrodes and attached with press buttons. The shirt has three integrated electrodes for the monitoring of heart rate signals. The electrodes are made from silver coated polyamide yarn (Shieldex 110/34) which yields both highly conductive surfaces and elastic behaviour for ease of use and wearing comfort. The garment must be close-fitting so that a permanent contact between the electrodes and the skin can be guaranteed both for direct and capacitive use [4] . A MEMSbased three-axis accelerometer is used to monitor the activity of the user. This information is used not only in the later data mining process but additionally also for data cleaning on the master controller, e.g. to distinguish movement artefacts from irregular ECG sensor patterns.
The master controller is connected to the mobile device via a wireless communication channel. On the mobile device a J2ME application processes the sensor data stream and decides on the data to be forwarded to the back-end server. In depth analysis can then be done on the server and detailed data can be requested automatically or by interaction of a health professional.
These single aspects can be seen and demonstrated in short time. As the focus is on mobile data mining, our demonstration may arise the most interest for an audience with background in information management and mining. Furthermore, being joint work from four institutes, the demonstration certainly adresses a broader audience from e.g. mobile sensor networks or ubiquitous computing domains.
III. DEMO DESCRIPTION
The set of sensors applied to patients might be different for each patient and can even change for a single patient depending on the situation (e.g. different sensor constellation for day, night, home or hospital). Therefore, it is an important requirement that the system is able to integrate new sensor data streams ad hoc without requiring manual administration or configuration of the HealthNet device. We apply a metadatabased approach to solve this problem: sensors, their properties, and their data format are described in a metadata repository. The description of the data format includes a syntactical specification of the data being sent by the sensor, as well as a semantical description of the meaning of certain data items. This is done by linking data fields of the syntactical specification to elements of a medical ontology [2] .
When the mobile device connects to a master controller, the master controller sends a set of identifiers of the sensors it controls. These identifiers can be used to retrieve the metadata from the repository. Based on this information, the system decides how the sensor data has to be integrated and produces a corresponding integrated data stream including semantical information. This multidimensional data stream can then be used by the data mining module to detect events such as emergency situations.
Critical events can be detected using classification algorithms, for which Bayes classifiers are known to provide good results [5] . However, traditional classifiers do not allow meaningful interruption until the entire model has been evaluated, which is crucial in mobile devices due to limited resources. Limited processing power and high data rates limit the time available for processing one set of sensor values. We therefore employ a novel anytime Bayes classifier which we implement in a two phase architecture (c.f. Figure 1) .
On the back-end server a full index structure is stored, which is an extension of previous work [6] for anytime stream classification. It is trained by sequences of sensor measurements which correspond to normal situations, i.e. no emergencies. The underlying hierarchical structure extends a spatial indexing structure by storing aggregates which allow the representation of the trained elements in a subtree as probability distributions. The index then allows classification at anytime, i.e. on each level of the tree and even after reading an arbitrarily large (or small) subset of the tree nodes following certain constraints. Each set of nodes yields a class label decision which gets more detailed as more nodes are read, i.e. the more time is granted for classification. This also leads to a more accurate classification result. On the leaf level, i.e. after having read the whole tree, the classification is equivalent to standard Bayes classification.
Taking the limited resources of mobile devices into account, we use only the top levels of the index to realize an efficient pre-classification on the mobile device. According to the results of the pre-classification the device decides how to proceed with the data (c.f. Figure 1) . If an emergency situation has been detected, the sensor data is forwarded to the back-end server, where more detailed classification decides on the actions to be taken. If an emergency is highly improbable, the detailed sensor data is hold ready on the device and only aggregated data is sent to the server. Aggregation means data reduction either by reducing the data rate [7] or by reducing the amount of data, e.g. a heart rate instead of a whole ECG. If full classification on the aggregated data indicates a possible emergency, the server requests via a feedback mechanism the full data which is held ready. Using the same feedback mechanism a health professional can always query detailed data for further analysis and thus keep overall control over patient surveillance.
IV. CONCLUSION The demonstration described in this paper presents a joint research in the areas of wearable sensors, mobile data mining and information management. The demonstrator forms the basis for future research in this context, which will contain further development of the employed sensors and textiles as well as investigation of further mining techniques and the integration of the HeathNet into electronic patient health record systems. Major challenges include energy efficiency and signal corruption in mobile sensor networks.
